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I. Introduction 

Gynecomastia is an enlargement of breast tissue of 

males due to an endocrine system disorder, caused by 

male hormone disturbances, increased consumption 

of instant food, heavy sodium intake, and increased 

obesity (Karayagmurlu et al., 2020; Korea Disease 

Control and Prevention Agency [KDCA], 2022). It is 

a common disease that affects up to 30% of Korean 

males (Lee & Kim, 2004), and it affects 30-70% of the 

male population in the United States once in a life-

time (Cakan & Kamat, 2007). It is more frequently ob-

served in adolescents, although it may also be found 

in the neonatal period and in elderly males (Acharya, 

2021).

According to Karayagmurlu et al. (2020), gyneco-

mastia is a physically and psychosocially distressing 

condition that has a negative influence on patients' 

quality of life. The manly image is harmed by an ex-

panded breast. When the physical alteration causes 

humiliation and dread in the psychosocial environ-

ment, some patients seek plastic surgery (Cakan & Ka-

mat, 2007). Gynecomastia may cause physical dis-

comfort, depression, anxiety, disordered eating, body 

dissatisfaction, and low self-esteem (Ordaz & Thomp-

son, 2015). As a result, gynecomastia sufferers fre-

quently try to disguise their body complexes in a var-

iety of methods, such as employing breast patch ad-

hesives, using corrective innerwear, or wearing thick 

clothes. However, no clothing item has been specially 

made for males with gynecomastia so far.

A dress shirt is a classic piece of apparel that men 

wear in any season. The increased breast tissue of ma-

les with gynecomastia is not covered by a dress shirt, 
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which is generally made of medium- or lightweight 

materials. Given so, we aimed to develop a prototype 

of a compression inner-layer that could be attached to 

men's dress shirts using the functional, expressive, and 

aesthetic (FEA) consumer needs model (Lamb & Kal-

lal, 1992). Customers' expectations of a product's uti-

litarian performance are functional attributes, whereas 

expressive attributes are consumers' expectations that 

wearing the garments will boost their status, self-im-

age, worth, role, and self-esteem. Aesthetic attributes 

indicate attractiveness that appeals to consumers (Ch-

ristel & O'Donnell, 2016).

The FEA model is a creative process framework in-

tegrating diverse requirements generated from the in-

teraction with potential customers. The customer-ori-

ented approach can be progressed in three steps: prob-

lem definition and research, creative exploration, and 

implementation (LaBat & Sokolowski, 1999). In this 

study, design requirements for dress shirts for gyneco-

mastia sufferers are generated by functional, expressi-

ve, and aesthetic attributes based on size measurements, 

in-depth interviews, and surveys with potential custo-

mers. Based on data, a prototype is created and tested 

with gynecomastia sufferers.

II. Gynecomastia and Men's 
Compression Wear

Gynecomastia is a condition in which a man's bre-

ast becomes as large as a woman's breast, when the gap 

between the upper and lower chest circumferences is 

4 cm or greater (Joe et al., 2016). In some cases, it dis-

appears within three years of the occurrence, while in 

others, a surgical procedure is required to remove the 

extra breast tissue. Gynecomastia sufferers undertake 

a variety of measures to conceal their bulging breasts, 

which go against the masculine image. They frequent-

ly dress in loose-fitting clothing to cover their body 

lines or use compression underwear or breast patches. 

In addition, gynecomastia sufferers feel compelled to 

use underwear for body correction, particularly during 

the summer, when clothing becomes thin. Males with 

gynecomastia may choose lightweight clothes with a 

functioning inner layer that efficiently compresses the 

chest area while remaining hidden. The majority of 

men's functional corrective underwear now focuses on 

exaggerating the body form around the chest muscles 

and making the hip line curved and prominent. Fur-

thermore, certain compression underwear is designed 

to compress belly fat in order to minimize it. Men with 

gynecomastia who want to conceal protruding breast 

regions would not use this corrective underwear.

Body corrective clothing for males is not much sa-

tisfied by consumers. Men's body correction inner-

wear dissatisfaction reasons, according to Ji and Chun 

(2019), include a lack of body form correction func-

tion, respiratory difficulties, and blood circulation ab-

normalities caused by high pressure. Body shape dis-

tortion, stress, and health problems can all be caused 

by wearing corrective underwear that puts too much 

pressure on the body. Compression is a key component 

in determining how constrained and mobile individ-

uals are in their clothes. Excessive garment compres-

sion inhibits movement, impairs circulation, and cau-

ses tiredness; conversely, adequate clothing compres-

sion enhances clothing comfort, allows physical mo-

bility, improves job efficiency, and aids in health main-

tenance (Fun Frency Ng & Leung Patrick Hui, 1999). 

Therefore, clothing for gynecomastia patients should 

have an optimal level of compression pressing the bre-

ast areas effectively but not hindering the movement 

of wearers. 

III. Methods

Size measurements, in-depth interviews, and sur-

veys with potential clients were undertaken in order to 

develop the design need for dress shirts with a com-

pression inner layer. The IRB (IRB. No. 40525-2016 

11-HR-81-02) at a 4-year university in Korea autho-

rized the research proposal, which included all inquiry 

materials and methods, and all research procedures 

met IRB requirements. To gain a fundamental under-

standing of the clothing needed for males with gyne-

comastia, in-depth interviews and body size measu-

rements of subjects were undertaken. Subjects were o-
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penly recruited for in-depth interviews and size as-

sessment via bulletin boards and SNS (social network 

service) public posts at a university. Among people 

who are willing to participate, recruited were those 

who believe they have the gynecomastia symptom 

(i.e., 4 cm or greater difference between the bust cir-

cumference and the underbust circumference) (Joe et 

al., 2016).

Each subject visited the lab and consented to parti-

cipate after hearing a description of the research pro-

cess. Upon the consent of study participation, body 

size measurements and in-depth interviews were con-

ducted. The individuals' body sizes were measured, 

following a body measuring manual developed based 

on Korean Agency for Technology and Standards [K-

ATS] (n.d.). Body sizes were measured twice by re-

searchers on measurement landmarks including bust, 

underbust, neck and abdominal circumference, shoul-

der width, and arm length.

Second, researchers conducted in-depth interviews 

with men with gynecomastia to learn when and how 

they first suspected they had the condition, what their 

discomforts are as men with gynecomastia, how they 

cover their body complexes, whether they are willing 

to buy if dress shirts for men with gynecomastia exist, 

and some demographic and physical characteristics 

(i.e., weight and height). The contents of the interviews 

were verbatim transcribed and evaluated utilizing a 

continuous comparative analysis approach (Glaser & 

Strauss, 2017).

To further explore the discomfort and design re-

quirements of dress shirts for men with gynecomastia, 

an online survey was conducted with members of an 

online community for gynecomastia counseling. The 

community organizer was contacted and agreed to as-

sist in the distribution of the online survey link to the 

community members who agreed to take part. The sur-

vey included questions about: 1) when and how did the 

participant notice their gynecomastia symptoms, 2) 

what kind of items did the participant purchase to cov-

er their gynecomastia symptoms, 3) what kinds of dis-

comfort did the participant feel due to gynecomastia, 

4) how did the participant try to hide the symptom of 

gynecomastia while wearing clothes, and 5) what are 

demographic and physical characteristics. Open-ended, 

nominal scales, and 5-point Likert scales were used to 

assess responses. The survey was done online, and the 

data were analyzed using descriptive statistics in SPSS 

statistics 25.

IV. Results

1. Size Measurements and In-dept Interviews 

with Subjects

The final subjects selected for the size measurement 

and in-depth interview were seven males (N = 7). The 

average age of subjects was 30.7 years old, and their 

average Body Mass Index (BMI) was 27.6 with a ran-

ge from 23.2 to 32.1, indicating five out of eight were 

over-weighted (BMI>25.0). The gynecomastia level 

was calculated by subtracting the underbust circum-

ference from the bust circumference. Subjects' gyn-

ecomastia levels varied from 4.0 to 8.6, with an average 

of 6.4, suggesting that seven out of seven participants 

exhibit gynecomastia symptoms with a value 4.0 or 

higher. <Table 1> shows the characteristics of subjects 

for the in-depth interview and size measurement.

The followings are the outcomes of in-depth inter-

views. First, the participants were questioned when 

and how they became aware of their symptoms. Some 

individuals discovered their gynecomastia symptoms 

throughout their adolescent years by comparing their 

breasts to those of others. Some individuals admitted 

that they became aware of their symptoms after hear-

ing comments about their larger breasts from acquaint-

ances or husbands. Some of the replies are included 

below.

 

“When I was in high school, I went to a public bath with a friend, 

and he told me that I seem to have symptoms of gynecomastia.” (#1)

“I didn't notice the symptoms of gynecomastia before my wife told 

me about it.” (#7)

 

Second, males with gynecomastia were asked abo-

ut their discomforts and efforts to conceal their body 
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complexes. Six out of seven participants reported feel-

ing uneasy when wearing or purchasing clothing. Par-

ticipants tended to purchase apparel that was larger 

than their bodies. They also hide their protruding bre-

asts with multiple layers of clothes or top garments ma-

de of not too thin and stiff textiles. On the other hand, 

some individuals donned tight innerwear to compress 

the breast region and conceal their body complexes. 

Some people shared their experiences in wearing com-

pression innerwear, addressing its discomfort due to 

excessive compression. Some had applied patch stick-

ers to their nipples, but they complained that they irri-

tated their skin. They also expressed embarrassment 

when stickers or compression innerwear were shown 

in a communal changing area. Some of the replies are 

indicated below.

“I feel uncomfortable whenever I buy clothes, I had to consider 

covering my breast, so I usually buy larger clothing than my body.” 

(#2) 

“I wear thick clothes or layered clothes to cover my complex even 

in hot weather.” (#3)

“I have an experience in wearing compression innerwear as it mu

ch presses the whole upper body including belly area, so I feel hard 

to breathe or move due to excessive compression.” (#7)

“I had a patch sticker on my chest, and when I removed it, it hurts, 

itches, or stings.” (#6)

 

Finally, it was asked about their willingness to buy 

dress shirts for men with gynecomastia if those are 

available. Participants said that dress shirts for men 

with gynecomastia would be desirable because dress 

shirts are commonly necessary for office workers, but 

those are too thin and shimmery, making it difficult to 

conceal gynecomastia. Some people claimed that rea-

dy-made dress shirts are unpleasant since the breast 

button is frequently left open. Participants said that 

they would buy them if gynecomastia-friendly dress 

shirts were available.

 

2. Online Survey on Members of the Gyneco-

mastia Counseling Community

A total of 120 valid replies were received. The re-

spondents' average age was 27.37 (S.D. = 5.96), with 

39 (32.5%) having completed high school and 80 

(66.7%) having completed a 2-year college or 4-year 

university. Unmarried respondents made up 87.5% of 

the total, and 52 persons (43.4%) had a monthly sal-

ary of 2-4 million KRW (approximately 1750 to 3500 

USD). The average weight was 78.73 kg (S.D. = 11.03) 

and the average height was 176.7 cm (S.D. = 5.02). 

The mean BMI (S.D. = 3.20) was 25.19 kg/m², sugges-

ting slight obesity (National Health Insurance Service 

[NHIS], 2018).

In survey results, the most frequent reason for peo-

ple being aware of their gynecomastia symptoms was 

“because I feel different from others” (49.2%), fol-

lowed by “because my family and friends addressed 

it” (27.5%). When asked if they had ever purchased 

Participant

code
Age

Marital 

status

Height

(cm)

Weight

(kg)
BMI

Bust

circumference 

(cm)

Underbust

circumference 

(cm)

Gynecomastia

level 

(cm)*

#1 23 Not   married 185 110 32.1 127.3 122.7 4.6

#2 28 Not   married 183 92 27.5 108.5 100.4 8.1

#3 23 Not   married 175 71 23.9 94.7 87.8 6.9

#4 31 Married 170 80 27.7 101.6 97.4 4.2

#5 24 Not   married 175 75 24.5 97.8 89.2 8.6

#6 43 Married 180 94 29.0 109.0 105.0 4.0

#7 43 Married 184 100 29.5 115.5 107.0 8.5

*: Difference between the bust circumference and the underbust circumference

Table 1. Characteristics of participants for in-depth interview and size measurement
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products to help with gynecomastia symptoms, 66.7% 

of those said “yes.” Fifty individuals (41.6%) purcha-

sed compression innerwear, while 36 people (30.0%) 

purchased nipple patch stickers. In addition, there ha-

ve been reports of buying men's brassier, using presc-

riptions to reduce female hormones, and so on. Specif-

ically, respondents expressed their discomfort in many 

situations of their lives, indicating “I feel discomfort to 

be noticed in the summer season when I need to wear 

light garments” (M = 4.44, S.D. = .89), “ I feel discom-

fort to be noticed when I do some exercises in the pub-

lic place” (M = 3.95, S.D. = 1.16), “I consider medical 

surgery” (M = 3.95, S.D. = 1.29), “I feel discomfort to 

be noticed while changing my clothes in a public 

place” (M = 3.91, S.D. = 1.17), and “I feel discomfort 

to be noticed in everyday lives” (M = 3.87, S.D. = 

1.06). In order to avoid embarrassment due to enlarged 

breasts, they tend to consider the way to wear clothing, 

such as “I like to wear loose-fit clothing” (M = 4.10, 

S.D. = 1.02), and “I prefer to dress in larger-sized clo-

thing than my body.” (M = 4.02, S.D. = 1.01). The find-

ings of the online survey were used to set design goals 

for clothing for gynecomastia sufferers. 

 

3. Design Requirements and Design Solution

The following design requirements were establi-

shed based on findings of in-depth interviews and an 

online survey with gynecomastia sufferers. The FEA 

model was used to develop design criteria for dress 

shirts for men with gynecomastia (Table 2).

In relation to expressive attributes, the most import-

ant requirement for clothing design is to conceal the 

enlarged breast so that wearers may maintain their le-

vel of self-esteem. By compressing the breast with a 

compression inner layer connected to the dress shirt, 

wearers can disguise the enlarged breast without los-

ing their manhood. Size reduction around the breast in 

a garment is to be verified through a size measurement 

test.

Regarding functional attributes of dress shirts, users 

value the good fit of the garment to the body as well as 

comfort in the garment. If the body pressure is greater 

than 4 kpa, physiological dysfunction occurs (Jung & 

Ryu, 2002), so the compressibility of the inner layer 

under the conditions of wearing clothes is defined be-

low the allowable limit of 4 kpa. Wearers also consider 

ease of donning and doffing. It can be accomplished 

by using elastic fabrics for the compression inner layer 

and fastening with a front zipper rather than buttons or 

hooks, which makes front opening easier and faster. 

Flexible subsidiaries and a short head of the front zip-

per are required to improve shirt comfort. Another de-

sign goal is to make it simple to care for separate wa-

FEA

attribute
Design requirement Design solution

Testing

method

Expressive 

attribute

Concealing

the breast protrusion
Need a compression inner layer under the dress shirt

Size-reduction 

check

Functional 

attribute

Good fit and comfort

Comfortable to don and doff

Use fabric with elasticity for a dress shirt and a compression inner 

layer

Use a front zip fastener with a small head and flexible subsidiaries

Fit and 

comfort test

Easy care

for washing

Make a compression inner layer detachable from the shirt for 

separate washing

1) Have a strap loop sewn in the shoulder lines and armpit points 

of the dress shirt to connect an inner layer

2) Have straps with the small snap buttons at both ends sewn in the 

shoulder lines and armpit points of the inner layer

3) Link 1) and 2) to attach the inner layer to the dress shirt

-

Aesthetic 

attribute

An inner layer hid 

under the shirt
Use a deep neckline of a compression inner layer

Sensory test
Little crease in 

diverse motions
Use long strap loops for a compression inner layer

Table 2. Design requirement, design solution, and testing method
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shing. It may be done by developing a compressive in-

ner layer that can be removed from the garment and 

washed separately. We may use the following way to 

make the inner layer easy to attach to and detach from 

the dress shirt. First, strap loops are sewn in the shoul-

der lines and armpit points of the dress shirt to attach 

an inner layer. Second, straps with little snap buttons at 

both ends are sewn in the shoulder lines and armpit 

points of the inner layer. Third, a strap loop of the dress 

shirt and straps of the inner layer are linked together to 

attach the inner layer to the dress shirt. These func-

tional attributes are to be confirmed through the wear-

ers' fit and comfort test.

In terms of aesthetic attributes, a compression inner 

layer should not be visible in the neckline so that the 

deep neckline is suitable for inner layer design. In add-

ition, little creases should be formed regardless of how 

the person moves. Allowing a little amount of length 

for each strap loop to enable some room for straps to 

move without producing unwanted creases is required 

to prevent creases in users' actions. Sensory testing of 

users in various movements of wear validates these 

aesthetic attributes.

 

4. Prototype Development

One out of seven subjects who participated in bo-

dy size measurement was selected for a fitting model 

since this subject has the highest level of gynecomas-

tia and is not over-weighted (BMI<25.0). The height 

and weight of this subject are 175 cm and 75 kg re-

spectively, which are quite near to the normal Korean 

male's body size in his twenties (174 cm, 75 kg) (NHIS, 

2022). Diverse versions of prototypes were developed 

and repeatedly modified through trial tests with a sub-

ject. Through this iterative process, the final prototype 

was developed with the following features.

Appropriate textiles were chosen through sample 

fabric research, taking into account the thickness and 

flexibility for a compression inner layer, as well as the 

match with the shirt fabric. For the compression inner 

layer, knit fabric with 80% polyester and 20% spandex 

was used. Two folds of the same fabric were used to 

add strength to the cloth from above the bustline to the 

hemline of the front side of the inner layer, so that the 

chest area does not stand out. For air permeability, the 

backside of the inner layer was made of a single-ply 

cloth. The inner layer was developed in horizontal and 

vertical sizes of the pattern by referring to the size of 

men's compression underwear on the market (i.e., M 

size based on 100 cm bust circumference). The hori-

zontal width of the inner layer pattern was set to 35 cm, 

which was reduced by 15 cm from the 50 cm bust line 

(bust circumference / 2 + 1 cm) in consideration of the 

elasticity of the, which is stretched by about 40%. The 

vertical length of the inner layer was reduced by 11 cm 

from the shirt length so that the inner layer could cover 

the stomach without coming out under the shirt, and 

the pattern size was set to 64 cm, which is 19 cm longer 

from the back. The front zipper closing was chosen 

since it not only stabilizes the upper body but also ma-

kes it simple to put on and take off. In order to ensure 

the wearer's comfort, a zipper with a small and thin 

head and the slider was selected. 

Because the fabric of the inner layer was thin, it may 

be ripped when wearers actively move, therefore the 

strength was increased by adding X-shaped flatlock 

stitch lines on the back and low-bust line. Flatlock stit-

ching techniques were utilized to make the inner layer 

more wearable and moveable. For the sewing yarn, 

100% polyester 60's/3 spun yarn and 100% nylon 100 

d/s bulk yarn were used, which is mostly used for sew-

ing compression wear.

A prototype of a dress shirt was made of woven fab-

ric mixed with polyester 96% and spandex 4% having 

a rough surface that helps hide the protruded breast, 

compared to a thin and smooth surface fabric. The 

shirt is designed to have inner loops on both shoulder 

lines and armpit points to attach and detach a com-

pression inner layer. Pattern and size specifications 

of prototypes are provided in <Table 3>‒<Table 4>. 

Photos of the final prototype and the method to link 

an inner layer and a dress shirt are presented in <Table 

5>.
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Model size of #5 subject

Landmark
Neck 

circum-
ference

Shoulder
width

Bust
circum-
ference

Underbust
circum-
ference

Abdominal
circum-
ference

Back
length

Wrist
circum-
ference

Arm
length

Upper arm
circum-
ference

 40.6 44.0 97.8 89.2 83.8 45.0 16.5 59.0 30.5

Gynecomastia level: 8.6

Table 3. Model size specification                                                    Unit: cm

Pattern and size of prototype 

Dress shirt Inner layer

Front Back Front Back

Double
-layer
fabric

Wrap the
zigzag stitch
bias tape

① 22, ② 45.5, ③ 58.5, ④ 53.5, ⑤ 54.5, ⑥ 14.5, ⑦ 3.5, 

⑧ 7, ⑨ 60, ⑩ 12.5, ⑪ 10.5, ⑫ 8.5, ⑬ 75

① 23, ② 33, ③ 12, ④ 6.5, ⑤ 24, ⑥ 35, ⑦ 31, 

⑧ 34, ⑨ 64, ⑩ 2, ⑪ 8, ⑫ 5, ⑬ 8.5

Table 4. Pattern and size specification of compression inner layer                                  Unit: cm

5. Evaluation of the Prototype

The prototype was evaluated using the following 

methods: 1) a size-reduction check of subjects who 

tried on prototype clothing, 2) a self-report of subjects 

about fit and comfort in the prototype while perform-

ing various motions, 3) a sensory test of six experts 

who observed subjects in the prototype during a mo-

bility test, and 4) the compression test of inner layer 

and the washing durability. 

Two subjects were recruited for an evaluation test 

by posting the recruiting information on the SNS bo-

ard. Two subjects with mild gynecomastia symptoms 

(Gynecomastia level: 4.2) and severe gynecomastia 

symptoms (10.3) were judged eligible for evaluating 

garment fit and comfort according to varying levels of 

symptoms. Six experts for sensory evaluation were 

three professors in fashion, two shirt designers, and 

one specialist in the textile and clothing research in-

stitution. The prototype was developed based on size 

M, a general size. The bust circumference of the shirt 

was 117 cm, and the bust circumference of the subject 

A (with severe symptoms) was 116 cm, and the sample 

was rather tight for the subject A. However, it was no 

problem in conducting the comfort, gynecomastia lev-

el, and sensory test. All the evaluation processes were 

carried out in accordance with the IRB's authorized 

guidelines. The compression and washing durability 

tests were conducted by submitting the prototype sam-

ples to the lab tests of the Korea Apparel Testing & 

Research Institute (KATRI) and the Korea Textile De-

velopment Institute (KTDI).

 

1) Size-reduction Checks

Subjects' body measurements were assessed before 

and after they wore the prototype to see if their gyn-
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ecomastia level (bust circumference minus underbust 

circumference) was less than the 4.0 cm reference po-

int. When subject A wore the prototype, his gyneco-

mastia level dropped to 5.8 cm, significantly lower 

than the 10.3 cm found in the undressed body. This 

level is slightly higher than the reference point of 4.0 

cm but the reduction size was 4.6 cm in the prototype. 

Subject B's gynecomastia level in the prototype was 

2.4, indicating a decrease of 1.9 cm. Subject B in the 

prototype is no longer classed as having gynecomastia 

since his gynecomastia level was less than 4.0 cm, the 

reference point (Table 6). 

2) Fit and Comfort Test

The trial test was performed, referring to previous 

research (Han & Jo, 2000; Shin & Suh, 2014). The pro-

totype was worn by the subjects, who were asked to 

rate the fit and comfort on a scale. In terms of fit, the 

appropriateness of the length in front and back was as-

sessed with a scale ranging from very short (1) to very 

long (5), whereas the appropriateness of the tightness 

in general, breast, waist, shoulder, arm, and armhole 

was assessed with a scale ranging from very loose (1) 

to very tight (5), referring to Jang (2008). This sub-

jective fit was assessed only in a standing pose. On the 

Front Back

Photo

Specification
Double-layer fabric on the front

Zip-up front line

Single-ply   fabric on the back

Low-bust line banding

Flatlock stitch 

(3/n converstich top and bottom, 1/4' gauge)

Inner layer 

attached to 

the shirt

Methods 

to attach

Table 5. Prototype photo and attachment method
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other hand, the level of comfort of subjects in the pro-

totype was assessed in diverse motions. Each subject 

was asked to perform various six motions and rate 

their comfort on a 5-point scale ranging from very un-

comfortable (1) to very comfortable (5). This was done 

twice to ensure the validity of the experiment. <Table 

7> shows six actions in a mobility test and photos in 

testing. 

According to the data given in <Table 8>, the aver-

age length score was 3.0, suggesting that the prototype 

was of typical length. Furthermore, the average tight-

ness score was 3.0, indicating that the compression in-

ner layer is a little bit tight but not excessively tight. In 

terms of comfort, an average score in six motions was 

3.1. It seems that they did not feel that much discom-

fort even in a compression inner layer, although sub-

jects expressed a little bit of discomfort in sitting poses 

(M2 and M6) and in a pose of lifting both hands (M4). 

A compression inner layer is inevitable to cause a cer-

tain level of discomfort for people in certain poses. 

Subject B showed a little bit of lower scores in tight-

ness and comfort evaluation than subject A. It may be 

Testing motions

M1: Standing naturally with both hands down M4: Raise both hands 90 degrees forward

M2: Sitting on a chair and working both hands on the desk M5: Raise both hands 45 degrees to the side

M3: One hand up and holding something like a handle M6: Sit on a chair, lean forward and tie shoelaces

Photos in mobility tests

Table 7. Diverse motions and testing photos in mobility tests

Size of subjects for a trial test

ID Age
Height

(cm)

Weight

(kg)

Bust

circumference

(cm)

Underbust 

circumference

(cm)

Gynecomastia level

(cm)
BMI

A 20s 172 76 116.0 105.7 10.3 25.7

B 30s 170 80 101.6 97.4 4.2 27.7

Change in a gynecomastia level in the prototype

Subject GL when undressed GL in the prototype Reduction of GL

A 10.3 5.8 4.6

B 4.2 2.4 1.9

GL: gynecomastia level (bust circumference – underbust circumference) 

All measurements are averaged across two measurements, and size is taken in a standing pose.

Table 6. Body size of subjects for trial tests and changes in gynecomastia level in the prototype
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caused by a slightly greater BMI of subject B than sub-

ject A. Overall, the fit and comfort of the prototype 

were found to be at a normal level.

 

3) Sensory Test

While two subjects in the prototype performed six 

postures, six experts in the textiles and clothing com-

pleted a questionnaire to assess the prototype's look on 

a 5-point scale (Jang, 2008), ranging from not very 

good (1) to very good (5). Experts were asked to assess 

the visual appropriateness of five aspects (i.e., overall 

appearance, chest circumference, belly circumference, 

armhole, and shirt length) in three dimensions (i.e., 

front, back, and side) for each of the six motions per-

formed by each subject. To increase the data's validity, 

all measures were repeated twice. <Table 9> shows the 

means and standard deviations of scores for each par-

ticipant in each action.

According to the sensory test results, the mean sco-

res of the prototype appearance in six motions were 

3.45 for subject A and 3.47 for subject B, which were 

higher than a mid-point of a 5-point scale. This result 

indicated that the prototype is dressed in bodies with-

out unnecessary creases. A Mann-Whitney U test was 

conducted to check whether there is a difference in re-

sults between the two subjects. The result revealed that 

the two subjects were not significantly different in their 

evaluations of the prototype appearance, despite the 

fact that their body sizes were not identical. 

 

4) Compression Test and Washing Durability 

test

For the measurement method of garment pressure, 

the test method suggested by the KATRI was used. 

The laboratory temperature was 20 ± 2°C, and the hu-

midity was 65 ± 4%R.H. (EBE Walk-in, ESPEC), and 

the prototype was stabilized for more than 2 hours in 

this environment. A garment pressure gauge (TNB- 

300, AMI Tech) with a diameter of 2 cm was attached 

to the 5.5 cm area below the standard mannequin (wa-

ist circumference 74.5 cm ± 3%), and the prototype 

was applied and the garment pressure was measured 1 

Subject
Motion A B Mean

Length

(1: very short - 5: very long)

Front 3 3 3.0

Back 3 3 3.0

Total 3 3 3.0

Tightness

(1:   very loose - 5: very tight)

General 4 4 4.0

Breast 3 3 3.0

Waist 4 4 4.0

Shoulder 3 3 3.0

Arm 3 3 3.0

Armhole 4 3 3.5

Total 3.5 3.3 3.4

Comfort in motions

(1: very uncomfortable - 

5: very comfortable)

M1 3 3 3.0

M2 3 2 2.5

M3 5 3 4.0

M4 2 2 2.0

M5 5 4 4.5

M6 2 3 2.5

Total 3.3 2.8 3.1

Length and tightness were assessed in a standing pose.

Table 8. Results of subjects' fit and comfort tests in diverse motions
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minute later (Table 10).

After 5 times of repeated measurements in this way, 

an average result of 2.03 kPa (allowable error range of 

± 3%) was calculated (Table 11). It showed that the re-

sult was 4.00 kPa or less, which is a criterion indicating 

that compression does not impair physiological func-

tions (Jung & Ryu, 2002). 

The washing durability test was conducted by the 

KTDI for washing fastness, sweat fastness, dimensio-

nal change rate after washing, and distortion accord-

ing to the recommended quality standards for textile 

products (Korea Consumer Agency [KCA], 2016). The 

laboratory environment is a temperature of 20 ± 2°C 

and relative humidity of 65 ± 4%R.H.

First, washing fastness and sweat fastness are to 

confirm color change and dye transfer due to washing 

and sweat. In the lab test, after washing (ECE standard 

detergent) at 40°C for 30 minutes, the result was gra-

des 4-5 based on the highest grade as 5 in the Korean 

industry standard. In tests of sweat fastness, the result 

was obtained 4 hours after the prototype is left at 37 ± 

2°C. The results were grades 4-5 based on the highest 

grade as 5. In addition, to investigate the dimensional 

change rate and distortion, the result of mesh drying 

after washing for 8 minutes at 30 ± 2°C showed a result 

of 0% of dimensional change and distortion. There-

fore, test results for fastness to washing, fastness to 

sweat, and dimensional stability fulfilled the require-

ments for garments. 

 

V. Conclusions

A dress shirt with a compression inner layer was de-

signed to fill the void of garments for men with gyne-

comastia. Since a dress shirt is one of the most com-

monly worn clothing items among men, it was selec-

ted to develop. The FEA consumer needs model was 

adopted as a framework for prototype development. 

In the problem definition and research stage, size 

measurements, in-depth interviews, and an online sur-

vey were undertaken with gynecomastia patients in or-

Testing compression

1 time 2 times 3 times 4 times 5 times Average

2.09 1.93 1.92 2.11 2.08 2.03

Table 11. Result of compression test                                                  Unit: kPa

Subject
Motion A B U (p) Total

M1 3.36 (.47) 3.49 (.42) 20.50 (.70) 3.42 (.43)

M2 3.30 (.52) 3.52 (.29) 23.50 (.39) 3.41 (.42)

M3 3.56 (.37) 3.53 (.32) 16.00 (.82) 3.54 (.32)

M4 3.41 (.48) 3.33 (.36) 15.50 (.70) 3.37 (.41)

M5 3.69 (.27) 3.60 (.43) 17.50 (.94) 3.64 (.35)

M6 3.37 (.54) 3.34 (.45) 18.50 (.94) 3.36 (.48)

Total 3.45 (.43) 3.47 (.29)

Observers' evaluations on the appearance of front, side, back views of dress shirts worn by subjects in six poses.

Table 9. Result of six experts' evaluations on the appearance of the prototype

Compression test

Table 10. Photos in compression test
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der to generate design requirements for a dress shirt for 

gynecomastia sufferers. Design requirements and de-

sign solutions are summarized according to FEA attri-

butes. In terms of the expressive attribute, it is required 

to hide the breast protrusion under the shirt, thus a 

compression inner layer is attached beneath the shirt. 

For the functional attribute, it should fit nicely to a 

body and be comfortable in the garment. Fabrics with 

elasticity as well as tiny and flexible subsidiaries were 

employed to suit this design need. In addition, the front 

zipper of an inner layer makes donning and doffing the 

garment more comfortable. For an easy-care for wash-

ing, a compression inner layer can be made detachable 

from the shirt, allowing the shirt and inner layer to be 

separately washed. Also, the inner layer should be hid-

den beneath the shirt. To solve this problem, a deep 

neckline is used for the inner layer. Unnecessary creas-

es should be avoided by using a little longer loop to at-

tach the inner layer to the shirt. This limits the chance 

of creases forming owing to the difference in tension 

between the shirt and the inner layer when individuals 

move.

Second, in the stage of creative exploration, proto-

types were developed and repeatedly adjusted through 

trial testing with a subject. The final prototype has the 

following features. A dress shirt made of not too thin 

woven fabric mixed with polyester 96% and spandex 

4%, has loops on two shoulder lines and armpit points 

to connect a compression inner layer. A compression 

inner layer is made of mesh fabric kintted from 80% 

polyester and 20% spandex. Two folds of the same fab-

ric were used from above the bust line down to the hem-

line, and a front zip-up fastener with a tiny head and 

slider helps to compress the breast area easily while 

making it easy to don and doff. At the back of the inner 

layer, x-shaped flatlock stitches are added to strength-

en the thin fabric. Two straps with a small button at the 

end of the strap are sewn on each shoulder line of the 

inner layer. These shoulder straps are used to attach the 

inner layer to the dress shirt. 

Third, during the implementation stage, the FEA at-

tributes of the final prototype were examined through 

a size-reduction check, fit andcomfort test, and sens-

ory test. Two subjects participated in the prototype tri-

al and self-evaluation tests, whereas six experts par-

ticipated in the observant sensory tests. In result, the 

gynecomastia level of the subject was decreased in the 

prototype, improving the expressive attribute. Specif-

ically, a subject A with a severe level of gynecomastia 

as 10.3 when undressed showed a dramatic decrease of 

the level down to 4.5 when in the prototype. However, 

this figure exceeds the 4cm standard for gynecomastia 

level, but showed a higher score (tightness 3.5, com-

fort 3.3) in the fit and comfort tests than in the subject 

B with a mild level of gynecomastia (tightness 3.3, 

comfort 2.8). It also showed almost the same level of 

score in the sensory test (subject A; 3.45, B; 3.47). In 

addition, it can be seen as a suitable level for severe pa-

tients by revealing that subjects A willing to purchase 

this garment when it becomes available in the market. 

In the prototype, males with gynecomastia do not have 

to be daunted by others' eyes on their enlarged breasts, 

and they may have enhanced self-confidence in their 

body, leading to improved self-esteem. In the fit and 

sensory tests, subjects reported a moderate degree of 

evaluations on the length, tightness, and comfort in six 

motions. When the unavoidable pain of compression 

apparel is considered, a modest degree of assessment 

results in satisfactory wearing comfort. This finding 

supports the prototype's functional attributes as a gar-

ment. Finally, six experts evaluated the prototype's aes-

thetic qualities while monitoring and analyzing the 

look of the prototype on the individuals while they 

performed six positions. As a consequence, the proto-

type received a rating of 3.30 on a 5-point scale, in-

dicating few unwanted creases and a good fit forthe 

body. This result demonstrates that the prototype has 

appropriate aesthetic qualities. Problems arising from 

the FEA model were proved to be effectively solved 

through implementation testing.

This study is meaningful since it fills a need for gar-

ments of males with gynecomastia. User-centered de-

sign approaches for gynecomastia sufferers would en-

hance the validity of the final prototype. The prototype 

would provide a good base for further exploration and 

development of garments for gynecomastia sufferers. 
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When making the prototype of this study, the size 

specification was set based on subjects with a high gyn-

ecomastia level and non-obesity (BMI 25.0 or less) a-

mong participants, and the test was conducted on mild 

and severe cases. However, there are some limitations 

to represent mild and severe patients. In subsequent 

studies, it seems necessary to conduct research on the 

development of inner layers of various body sizes by 

dividing mild and severe cases. In addition, in the fu-

ture study, more subjects with varied characteristics 

could be recruited to obtain further information on 

their needs for various clothing. Based on the proto-

types developed in this study, diverse innerwear and 

upper garment designs can be attempted to be devel-

oped in order to help people suffering from gyneco-

mastia.
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